Objective: To assess anastomotic leak (AL) risk factors in a large patient series.
95% CI, 1.9-5.3) (P = .01); (4) intraoperative transfusion requirement (OR, 2.3; 95% CI, 1.2-4.5) (P=.02); and (5) histologic specimen margin involvement in disease process in patients with inflammatory bowel disease (IBD) (OR, 2.9; 95% CI, 1.4-6.1) (P=.01). Patients with all 3 intraoperative risk factors had an OR of 22.1; 95% CI, 2.8-175.4 (PϽ .001) for development of AL.
Conclusions: Histologic resection margin involvement in disease process in patients with IBD, preoperative albumin levels lower than 3.5 g/dL, intraoperative blood loss of 200 mL or more, operative time of 200 minutes or more, and/or intraoperative transfusion requirement increased AL risk. Enteral nutritional optimization prior to elective surgery is essential. Proximal diversion should be considered for patients with all 3 intraoperative risk factors because they are at high risk for AL.
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A NASTOMOTIC LEAKS (ALS) are inevitable complications affecting 2% to 10% of patients undergoing gastrointestinal surgery. [1] [2] [3] [4] Substantial patient morbidity and mortality and poor long-term outcomes are ascribed to anastomotic dehiscence. [5] [6] [7] [8] Studies report additional patient morbidity rates ranging from 20% to 30% and mortality rates of 7% to 12%. [5] [6] [7] [8] In addition, development of a postoperative AL negatively impacts oncologic outcome in patients undergoing curative resection for colorectal cancer. 6 Identification of patients at increased risk for anastomotic dehiscence is imperative for preoperative patient optimization and selective proximal diversion. 9, 10 While many studies have investigated patient, operative, and disease-specific factors associated with the development of postoperative AL, to our knowledge, no consensus on high-risk patient populations exists. 11, 12 This inconsistency is likely attributable to the limited study power of available AL literature. The purpose of the present study was to identify risk factors for the development of AL in the largest prospectively recorded series, to our knowledge, of patients with anastomotic dehiscence following colorectal surgery.
METHODS
Following approval by The Mount Sinai School of Medicine institutional review board, 90 patients with ALs treated between January 1, 2002, and December 31, 2007, were identified from a prospectively maintained administrative database. Complications occurring within 30 days of surgery are prospectively captured by our institution's rigorously maintained online morbidity and mortality database. To ensure comprehensive reporting, the database is crossreferenced with incident reports generated by patient readmission or reoperation within 30 See Invited Critique at end of article days of the original procedure as well as institutionally measured quality performance indicators that include AL. The hospital records of patients reported to have a diagnosis of AL, enterocutaneous fistula, intra-abdominal abscess or wound infection following ileocolostomy (Current Procedural Terminology [hereinafter "CPT"] codes, 44160 and 44205), partial colectomy with anastomosis (CPT codes 44140 and 44204), partial colectomy with coloproctostomy (CPT codes 44146 and 44208), and subtotal colectomy or restorative proctocolectomy with ilealrectal or ileal pouch-anal reconstruction (CPT codes 44150, 44152, 44153, 44210, and 44211) were retrospectively reviewed. Anastomotic leak was defined by gross anastomotic dehiscence conferring feculent or purulent peritonitis or evidence of communication between anastomotic site and intra-abdominal abscess, wound, or fistula tract. Diagnosis of AL was confirmed by intraoperative findings or extravasation of enteric contrast from anastomotic site on radiographic imaging.
Eligible controls included patients who underwent uncomplicated gastrointestinal operations. Two control patients were paired to each case patient by procedure and surgeon. Control patients were identified from an administrative database using CPT codes for ileocolostomy (44160 and 44205), partial colectomy with anastomosis (44140 and 44204), partial colectomy with coloproctostomy (44146 and 44208), and subtotal colectomy or restorative proctocolectomy with ileal-rectal or ileal pouch-anal reconstruction (44150, 44152, 44153, 44210, and 44211).
Minors, patients with esophageal or gastric ALs, those undergoing weight loss procedures, patients who underwent proximal diversionatthetimeoftheoperativeintervention,andpatientstransferredfromoutsideinstitutionswithdiagnosesofALwereexcluded. Colorectal resections were performed by 18 faculty surgeons. Use of closed suction drains, preoperative mechanical bowel preparation, operative technique, and method of anastomotic completion were at the discretion of the individual surgeon.
Preoperative patient demographics, comorbidity, surgical and social history, body mass index, nutritional status, medications, and operative indication were reviewed. Colon and rectal cancers were evaluated separately, and rectal cancer was defined as lesions occurring less than 15 cm from the anal verge. Nutritional status was determined by preoperative albumin level. Intraoperative records were evaluated for blood pressure lability, operative time, intraoperative blood loss, and intraoperative transfusion of packed red blood cells. Blood pressure lability was determined by vasopressor necessity during operative procedure. Operative records were reviewed for surgical technique, method of anastomotic completion, and performance of intraoperative testing of anastomotic integrity. A gross description of specimen margin appearance was not included as a criterion because it is too subjective a parameter. Patient pathology reports were assessed for diagnostic confirmation, involvement of specimen margin in disease process, and for completeness of donuts from end-to-end anastomosis stapling device when applicable. At our institution, the integrity of anastomotic donuts is routinely noted in the pathologic report.
STATISTICAL ANALYSIS
Univariate analysis by unpaired t test with 2-tailed distribution was used for quantitative variables and 2 test for categorical variables. Multivariate logistic regression models were used to estimate odds ratios (ORs) and associated 95% confidence intervals (CIs). Final multivariate models were created by elimination of nonsignificant variables from univariate analysis. P values of less than .05 for associations were considered to indicate statistical significance. Prism statistical software (April 2003) (Prism Software Corporation, Irvine, California) was used for all analyses. All analyses were reviewed with a statistician.
RESULTS
Ninety patients of 3501 were identified with a diagnosis of AL after gastrointestinal surgery, conferring a 2.6% AL rate following the colorectal operation. Mean time to diagnosis of AL was 7.5 days after surgery and 8 deaths occurred (9%). Thirty-two ALs involved ileocolic anastomoses, 32 colorectal, 12 ileorectal, and 14 ileal-anal pouch anastomoses. A 2-to-1 match of control to case patients was performed. The control group comprised 64 ileocolic, 64 colorectal, 24 ileorectal, and 28 ileal-anal pouch anastomoses. 
PREOPERATIVE PATIENT RISK FACTORS

DISEASE-SPECIFIC FACTORS
Univariate analysis demonstrated that in patients with inflammatory bowel disease (IBD), histologic specimen margin involvement in disease process was increased in patients who developed subsequent ALs (43% vs 21%) (P = .02). Logistic regression demonstrated that histologic specimen margin involvement had an OR of 2.7 (95% CI, 1.2-6.4) (P = .01) for development of AL. End-toend anastomosis donuts were noted to be complete on the pathology report in all specimens. Presence of colonic diverticula in operative specimens did not increase risk of AL ( Table 4) . Table 5 provides a list of significant risk factors for AL development.
COMMENT
Anastomotic dehiscence is an infrequent yet often devastating complication of gastrointestinal surgery. Identification of patients at high risk for development of AL is essential for preoperative patient optimization and selective proximal diversion. Although proximal diversion abates patient presentation with severe consequences of dehiscence, selective use is cautioned secondary to the morbidity associated with ostomy formation, maintenance, and reversal. [13] [14] [15] A recent prospective study demonstrated a morbidity rate of 25% and mortality rate of 2% in patients with low pelvic anastomoses who underwent reversal of protective loop ileostomy. 16 Risk factors for anastomotic dehiscence have traditionally been stratified into 3 categories: patient, operative, and disease-related factors. 17 Following this model, the present study aimed to delineate patients at high risk for postoperative anastomotic disruption. Analysis of preoperative patient factors revealed that poor nutri- 19 reported a serum albumin level below 35 g/L as a key risk factor. Poor preoperative nutritional status has long been implicated in the development of postoperative complications. [20] [21] [22] Studies demonstrating improved surgical outcome in malnourished patients with adequate enteral caloric intake for 7 to 10 days preoperatively highlight the importance of preoperative nutritional optimization. 20, 21 Based on study results and available literature, we recommend enteral nutritional optimization prior to elective surgery. In the absence of severe patient malnutrition, routine use of preoperative parenteral nutrition is not recommended. 20, 22 Assessment of operative indication demonstrated a reciprocal association between colon cancer and AL development. Wide resection margins to healthy, uninvolved tissue coupled with strict adherence to resection along anatomic blood supply may decrease risk of AL by ensuring adequate vascular supply to the newly constructed anastomosis. In contrast, an operative indication of rectal cancer did not influence risk for development of AL. While reports vary, tumor distance from the anal verge is a recognized risk factor for development of anastomotic dehiscence. [19] [20] [21] [23] [24] [25] A study of 35 patients demonstrated that resection of rectal tumors 12 cm or less from the anal verge conferred an increased incidence of anastomotic dehiscence compared with tumor resection more than 12 cm away (7.4% vs 3.0%) (OR, 4.5). 21 Although the present study did not demonstrate an increased risk of AL by tumor location, it did demonstrate a difference in surgical risk between colon and rectal cancer.
In contrast to the findings in previous studies, we found that no increased risk for AL was demonstrated by male sex, ASA (American Society of Anesthesiologists) score, preoperative diagnosis of cardiovascular disease, or preoperative diagnosis of diverticular disease. 16, 17, 26 In addition, no further patient demographics, comorbidity, operative indication, or use of preoperative medication significantly correlated with anastomotic dehiscence.
Intraoperative factors demonstrated the strongest association with development of postoperative AL. Prolonged operative times, increased blood loss, and necessity of transfusion indicate more complicated or difficult operative procedures, which may in turn increase the risk of anastomotic disruption. While a few studies have suggested that prolonged operative time and perioperative transfusion requirement correlate with development of AL, to our knowledge, no other study has identified intraoperative blood loss as a risk factor. 9, [27] [28] [29] [30] [31] [32] [33] The combination of intraoperative risk factors identified a particularly high-risk patient population. Analysis of patients in whom all 3 intraoperative risk factors were present demonstrated an OR of 22.1, with 91% positive predictive value and 99% specificity for development of AL. Proximal diversion should strongly be considered for this subset of patients.
Assessment of additional intraoperative variables demonstrated intraoperative blood pressure lability, handsewn vs stapled completion of anastomosis, laparoscopic vs open operative technique, and performance of intraoperative testing of anastomotic integrity did not influence AL rate.
Univariate and multivariate analysis demonstrated that in patients with IBD, microscopic specimen margin involvement in inflammatory disease process correlated with an increased risk of AL. [31] [32] [33] [34] [35] We found only 1 study that has addressed histologic resection margin involvement and AL development in patients with Crohn disease. Pennington et al 36 reported an identical incidence of immediate postoperative anastomotic dehiscence in patients with microscopically normal vs diseased resection margins (3 of 52 [6%] vs 3 of 51 [6%]). 36 Although the authors concluded that an association between AL and microscopic resection margin involvement in Crohn disease was unlikely, the low sample size precluded significance. 33 In the present study, statistical significance was achieved, indicating that histologically diseased specimen margins in patients with IBD increased AL risk (OR, 2.7) (P =.02). While wider resection margins in patients with IBD are not advocated, heightened clinical suspicion for postoperative AL as well as consideration of proximal diversion with grossly diseased bowel at the anastomotic site is recommended. 37 The development of AL remains unpredictable in many patients. However, herein we identify several significant patient, operative, and disease-specific risk factors. Preoperative nutritional optimization as well as minimization of intraoperative time, transfusion requirement, and blood loss are essential to decrease the risk of anastomotic dehiscence. Pathologic specimen reports indicating microscopic margin involve- ment in patients with IBD should heighten physician awareness for the possibility of a postoperative AL. The strengths of this study include the sample size, case-control patient match, and prospective collection from an AL database. Study limitations include the inherent variability in operative technique and patient management associated with multiple surgeons as well as nonuniformity of surgical indications.
In conclusion, while the development of AL remains unpredictable in many patients, histologically diseased resection margins in patients with IBD, preoperative albumin level lower than 3.5 g/dL, intraoperative blood loss of 200 mL or more, operative time of 200 minutes or longer, and intraoperative transfusion requirement were all identified as factors that increase risk of postoperative anastomotic dehiscence. Enteral nutritional optimization prior to elective surgery is essential. Proximal diversion should be considered for patients with all 3 intraoperative risk factors because these patients are at particularly high risk of anastomotic dehiscence. Pathologic specimen reports indicating histologic specimen margin involvement in patients with IBD should heighten physician awareness for possibility of postoperative AL. 
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